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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

The present invention relates to a film derived from a linear low density polyethylene and used for 
stretch packaging. 

w 2. Description of the Related Art 

Stretch packaging methods have been proposed in which packaging is performed by winding stretcha- 
ble band-shaped plastic film around articles to be packaged while stretching the films according to known 
stretching methods (e.g., Japanese Examined Patent Publication (Kokoku) Nos. 57-13442 and 58-7524). In 
?5 these methods, highly stretchable stretch films are used to effect high stretch packaging or irregular shape 
packaging. 

Examples of such films used for stretch packaging in the prior art are low density polyethylene, 
ethylene/vinyl acetate copolymer, and linear low density polyethylene. 

According to the prior art methods, the stretch packaging machines stretch films by only about 30% 
20 during packaging, and recently, to reduce packaging costs, a stretch packaging machine capable of 
stretching a film by about 300% has been proposed. But, a single layer or composite stretch film composed 
of the above-mentioned low density polyethylene or ethylenevinyl acetate can be stretched to a limit of 
about 150%, and therefore, a problem arises in that the film may be broken at a higher degree of 
stretching. 

25 Also, in the case of a film composed of a linear low density polyethylene, the setting of the conditions 
for stretching by 300% or higher is severe, and even if stretching by 300% or higher is possible, too much 
stress may be applied to the packaged article after packaging, and thus the packaged article is deformed, 
or the film stretched to an irregular shape, whereby the appearance after packaging becomes undesirable. 
To solve this problem, the density of the linear low density polyethylene can be lowered, but if only the 

30 density is lowered, the starting material pellets or the film may become very sticky, thereby causing 
problems during the production thereof and in the handling of the packaged product after packaging. Also, 
although the stretch film has an inherent tackiness, an excessive tackiness will cause problems during the 
production of the film, and thus the film yield may be lowered. 

35 SUMMARY OF THE INVENTION 

Accordingly, the objects of the present invention are to solve the above-mentioned problems of the prior 
art and to provide a film for stretch packaging capable of being highly stretched, without the application of 
an excessive stress on the packaged article, having a satisfactory strength and appearance after packaging, 
40 and furthermore, the pellets and the films are not excessively sticky. 

Other objects and advantages of the present invention will be apparent from the following description. 

In accordance with the present invention, there is provided a film for stretch packaging comprising, as a 
substrate, a film of a linear low density polyethylene having a melt flow rate (190 'C), as measured by an 
ASTM-D-1238E method, of 0.3 to 8 g/10 min., a density, as measured by an ASTM-D-1505 method, of 
45 0.900 to 0.918 g/cm 3 , a molecular weight distribution (Mw/Mn) of 2 to 6, two or more melting points existing 
as measured by a differential scanning calorimeter, a maximum melting point Tmi of 118 to 125*C, and a 
ratio of the height Tmi H of the peak of the highest melting point Tmi to the height Tm 2 H of the melting 
point Tm 2 adjacent thereto (i.e., Tmi H/T m 2 H) of 1 .3 or less. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The linear low density polyethylenes usable in the present invention include a linear low density 
polyethylene or L-LDPE, for example, a copolymer of ethylene and an a-olefin as described in Japanese 
Unexamined Patent Publication (KOKAI) No. 60-88016. 
55 Such an ethylene/a-olefin copolymer includes a random ethylene/a-olefin copolymer having a substan- 
tially linear structure composed of ethylene and an a-olefin having 4 to 20 carbon atoms. The a-olefin units 
contain an a-olefin having 4 to 10 carbon atoms, preferably 6 to 10 carbon atoms, which may be a mixture 
of one or more kinds of these a-olefins. Specific examples of such a-olefin units may include 1-butene, 1- 
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pentene, 1-hexene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-decene and the like. The content of the a- 
olefin units constituting the above ethylene/a-olefin may be generally 0.5 to 40 mol%, preferably 0.5 to 30 
mol%, particularly 1.5 to 20 mol%. 

The above-ethylene/a-olefin copolymer has a substantially linear structure. The term "substantially 
5 linear structure" as used herein denotes a linear structure having a branching based on the above- 
mentioned a-olefin and having no long chain branching and a crosslinked structure. This can be confirmed 
by completely dissolving the above-mentioned ethylene-a-olefin copolymer in n-decane solvent at a 
temperature of 1 30 ° C. " 

The linear low density polyethylene usable in the present invention has a melt flow rate (i.e., MFR) 
w (190* C) of 0.3 to 8 g/10 min., preferably 0.5 to 5 g/10 min., a density of 0.900 to 0.918 g/cm 3 , preferably 
0.900 to 0.915 g/cm 3 , a molecular weight distribution (Mw/Mn) of 2 to 6, preferably 2.3 to 5, two or more 
melting points existing as measured by a differential scanning calorimeter, a maximum melting point Tmi of 
118 to 125*C, preferably 118 to 124* C and a ratio of the height of the peak of the highest melting point 
Tmi to that of the melting point Tm 2 adjacent thereto, of 1 .3 or less, preferably 1 .0 or less. 
75 In the present invention, the melting points are measured by a differential scanning calorimeter 
(produced by Perkin Elmer Co., Model DSG-2) by maintaining a sample molded into a sheet with a 
thickness of 0.5 mm, at 473 *K for 10 minutes, lowering the temperature at a falling speed of 20 °C to 
320° K, and then recording the melting points Titm , Tm 2 , ... Tmj obtained by raising the temperature at an 
elevation speed of 10* C. 

20 In the present invention, the molecular weight distribution, Mw/Mn is determined according to a method 
described in "Gel Permeation Chromatography" by Mr. Takeuchi, Maruzen (Japan) as follows. 

(1) Standard polystyrene having a known molecular weight (single dispersed polystyrene available from 
Toso, Japan) is used to determine the molecular weights M and the counts of the GPC (i.e., Gel 
Permeation Chromatography). From the resultant data, the correlated calibration curve lies between the 

25 molecular weight M and the elution volume EV. The concentration is 0.02% by weight. 

(2) The GPC chromatograph of a sample is obtained by a GPC measurement and the number-average 
molecular weight Mn and the weight-average molecular weight Mw are calculated from the above- 
mentioned correlation (1) and the Mw/Mn value is obtained therefrom. 

The sample preparation conditions and the GPC measurement conditions are as follows. 

30 

Sample Preparation 

(a) The sample is taken in an Erlenmeyer flask together with o-difluorobenzene in such an amount that 
the sample concentration is 0.1% by weight. 
35 (b) The Erlenmeyer flask is heated to a temperature of 140* C and the mixture is stirred for about 30 
minutes to dissolve the sample in the solvent, 
(c) The resultant solution is subjected to GPC. 

(Remarks) The below-mentioned apparatus manufactured by Waters Co. is provided with a 0.5 urn 
metal filter and the GPC measurement is carried out for the filtrate passed through the filter. 

40 

GPC Measurement Condition 

(a) Apparatus: 150C-ALC/GPC manufactured by Waters Co. 

(b) Column: Type GMH manufactured by Toso 
45 (c) Sample volume: 500 ul 

(d) Temperature: 140 C C 
(4) Flow rate: 1 ml/min. 

The above-mentioned limitations of the linear low density polyethylene, i.e., the melt flow rate, the 
density, the molecular weight distribution, the melting point, and the ratio TmiH/Tm 2 H are required for the 
so present invention for the following reasons. 

The film for stretch packaging according to the present invention is composed of the above-mentioned 
linear low density polyethylene, but another resin component or additive, etc., also may be formulated 
therein. 

To prepare a film from the above-mentioned linear low density polyethylene, conventional film forming 
55 methods such as the inflation system or the T-die system can be used, whereby a film with a thickness of 
15 to 60 urn is formed. 
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The film for stretch packaging according to the present invention, preferably has a tensile elongation at 
break in the longitudinal direction of 300% or more, an impact strength of 2500 kg»cm/cm 2 or more, a tear 
strength in the longitudinal direction of 50 kg/cm or more, a tackiness (20 kg, 50 °C) of 3 to 25 g/cm, a force 
of 150 to 300 g/15 mm one hour after stretching to 300%, and a maximum stretching limit of 300% or 
5 more. 

The film for stretch packaging according to the present invention has a greater tensile elongation than 
the film of the low density polyethylene or the ethylene/a-olefin copolymer of the prior art and can be 
stretched by about 300 to 600%, and therefore, is suitable for high stretch stretch packaging or irregular 
shape articles. Also, compared with the linear low density polyethylene of the prior art, the stress on the 

10 packaged product is lower so that the packaged article will not be deformed , and has a greater strength 
after packaging as well as a good appearance. In addition, the starting material pellets and the film are not 
sticky, and thus provide an excellent productivity and ease of handling. 

The film for stretch packaging according to the present invention has a sufficient necessary tackiness 
(stickiness) and it is not necessary to formulate a tackifier such as ethylene/vinyl acetate copolymer, which 

75 is determental to the stretchability of the film. But, if a greater tackiness is required, it is possible to make a 
linear low density polyethylene film formulated with about 2 to 20% by weight of, for example, liquid 
polybutadiene or polyisobutylene. 

Further, when both a non-tacky surface and a tacky surface are desired, it is possible to make a multi- 
layer film comprising a linear low density polyethylene with a higher density than the linear low density 

20 polyethylene to be used in the present invention, and having a thickness of about 5 to 30% of the total 
thickness, for the non-tacky surface, the linear low density polyethylene usable in the present invention for 
the intermediate layer, and the linear low density polyethylene usable in the present invention formulated 
with 2 to 10% by weight of liquid polyisobutylene or liquid polybutadiene with a thickness of about 5 to 30% 
by weight of the total thickness for the tacky layer, and to laminate these films one another. 

25 According to the present invention, since a linear low density polyethylene having specific physical 
properties is used for a film for stretch packaging, the film can be highly stretched, has an adequate degree 
of tackiness, does not apply an excessive stress to the packaged article after packaging, has a satisfactory 
strength after packaging, and the pellets and the film are not excessively tacky, and thus the film has an 
excellent productivity, packaging ability, and ease of handling. 

30 

Examples 

The present invention will now be further illustrated by, but is by no means limited to, the following 
Examples. 

35 

Examples 1 - 4 and Comparative Examples 1 - 4 

Linear low density polyethylenes (ethylene/a-olefin copolymers) having the compositions and the 
physical properties shown in Table 1 were used to produce band-shaped films having a thickness of 2 urn 

40 and a width of 500 mm, by molding with a film molding machine (900 cast molding machine, die width 
1 500 mm) at a take-up speed of 70 m/min. 

The physical properties of the films obtained, and the results of the stretch packaging tests by a stretch 
packaging machine using the obtained films, are shown in Table 1. The article to be packaged was a 
irregular wire-wound laminated product in a sandwiched shape, i.e., a corrugated box 90 cm x 90 cm x 40 

45 cm was laminated between two corrugated boxes 120 cm x 120 cm 40 cm. 

In Table 1, the tensile strength at break and the tensile elongation at break were measured by JIS 
Z1702 (tensile speed 500 mm/min.), the impact strength by ASTM D3420, and the tear strength by JIS 
Z1702. The tackiness was determined by measuring the peel-off strength of films superimposed on one 
another, by leaving the films to stand under a load of 20 kg at 50° C for one day, and thereafter, measuring 

50 the strength needed to peel the films apart. The force after a 300% stretching is the residual force after the 
300% stretching stage was maintained. The irregular packaging ability was evaluated by observing cutting 
at the corners and the sagging at the concave portion when the above irregular article was packaged, 
according to the following standards. 
® : excellent, o: good, A: acceptable, x: unacceptable 

55 As is clear from the results shown in Table 1, all of the Examples exhibited an excellent stretchability, 
firm properties and stretch adaptability, and were considered excellent films for stretch packaging. 
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Claims 

1. A film for stretch packaging comprising as a substrate a film of a linear low density polyethylene having 
a melt flow rate (190°C), as measured by an ASTM-D-1238E method, of 0.3 to 8 g/10 min., a density, 
as measured by an ASTM-D-1505 method, of 0.900 to 0.918 g/cm 3 , a molecular weight distribution 
(Mw/Mn) of 2 to 6, two or more melting points existing as measured by a differential scanning 
calorimeter, a maximum melting point Trm of 118 to 125 *C and a ratio of the height TmiH of the peak 
of the highest melting point Tmi to the height Tm 2 H of the melting point Tm 2 adjacent thereto (i.e., 
Tmi H/Tm 2 H), of 1 .3 or less. 

2. A film as claimed in claim 1, wherein the linear low density polyethylene is an ethylene/* -olefin 
copolymer. 

3. A film as claimed in claim 2, wherein the ethylene/a-olefin copolymer is a copolymer of 99.5 to 60 
mol% of ethylene and 0.5 to 40 mol% of a-olefin having 4 to 10 carbon atoms. 

4. A film as claimed in claim 1 , wherein the linear low density polyethylene has amelt flow rate of 0.5 to 5 
g/10 min, a density of 0.900 to 0.918 g/cm 3 , a molecular weight distribution (Mw/Mn) of 2.3 to 5, and a 

ratio Tmi H/Tm 2 H of 1 .0 or less. 

i 

Revendications 

1. Feuiile pour emballage sous tension comprenant comme substrat une feuille de polyethylene basse 
densite lineaire ayant un indice de fusion (190'C), mesure par une methode ASTM-D-1238E de 0,3 a 8 
g/10 min., une density, mesuree par une methode ASTM-D-1505, de 0,900 & 0,918 g/cm 3 , une 
distribution de poids moleculaire (Mw/Mn) de 2 a 6, deux ou plus points de fusion existant mesures par 
un calorimetre a balayage differentiel, un point de fusion maximum Tmi de 118 a 125° C et un rapport 
de la hauteur Tmi H du pic du plus haut point de fusion Trm a la hauteur Tm 2 H du point de fusion Tm 2 
adjacent a celui-ci (c'est-a-dire Tmi H/Tm 2 H), de 1,3 ou moins. 

2. Feuille selon la revendication, dans laquelle le polyethylene basse densite lineaire est un copolymers 
ethylene/a-olefine. 

3. Feuille selon la revendication 2, dans laquelle le copolymere e*thylene/a-ol<§fine est un copolymere de 
99,5 a 60 moles % d'ethylene et 0,5 a 40 moles % d'a-olefine ayant 4 a 10 atomes de carbone. 

4. Feuille selon la revendication 1, dans laquelle le polyethylene basse densite lineaire a un indice de 
fusion de 0,5 a 5 g/10 min., une densite de 0,900 a 0,918 g/cm 3 , une distribution de poids moleculaire 
(ffiw/ffln) de 2,3 a 5, et un rapport Tmi H/Tm 2 H de 1,0 ou moins. 

Patentansprtiche 

1. Ein Film zum Spannverpacken, der als Substrat einen Film eines linearen Polyethylens niedriger Dichte 
aufweist, mit einer nach einem ASTM-D-1238E-Verfahren gemessenen SchmelzflieBgeschwindigkeit 
(190° C) von 0,3 bis 8 g/10 Min., einer nach einem ASTM-D-1505-Verfahren gemessenen Dichte von 
0,900 bis 0,918 g/cm 3 , einer Molekulargewichtsverteilung (Mw/iVIn) von 2 bis 6, mittels eines Differenti- 
alabtastkalorimeters gemessenen zwei oder mehr vorhandenen Schmelzpunkten, einem maximalen 
Schmelzpunkt Trm von 118 bis 125 e C und einem Verhaltnis der Hone Tmi H der Spitze des hochsten 
Schmelzpunkts Trm zur Hone Tm 2 H des dazu benachbarten Schmelzpunkt Tm 2 (d.h., Tmi H/Tm 2 H) 
von 1 ,3 oder weniger. 

2. Ein Film nach Anspruch 1, bei dem das lineare Polyethylen niedriger Dichte ein Ethylen/a-Olefin-Comer 
ist. 

3. Ein Film nach Anspruch 2, bei dem das Ethylen/a-Olefin-Copolymer ein Copolymer ist aus 99,5 bis 60 
Mol% Ethylen und 0,5 bis 40 Mol% a-Olefin mit 4 bis 10 Kohlenstoffatomen. 
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Ein Film nach Anspruch 1, bei dem das lineare Polyethylen niedriger Dichte eine SchmelzflieBge- 
schwindigkeit von 0,5 bis 5 g/10 Min., eine Dichte von 0,900 bis 0,918 g/cm 3 , eine Molekulargewichts- 
verteilung (Mw/ffln) von 2,3 bis 5 und ein Verhaltnis Tmi H/Tm 2 H von 1,0 oder weniger hat. 
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